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Abstract

Platelet function tests (PFT), such as theMultiple Electrode Analyzer (Multiplate) and VerifyNow, show
little concordance in patients using antiplatelet drugs. A major difference between these tests is the
use of prostaglandin E1 (PGE1) to inhibit P2Y1-platelet-receptor activation in VerifyNow and is
proposed to be of influence in the discrepancy between these tests.We aimed to investigatewhether
the presence of PGE1 could provide an explanation for the moderate correlation and concordance
between Multiplate and VerifyNow by adding PGE1 to the Multiplate ADP assay, also known as the
ADP-high sensitivity (ADP-HS) assay. We also aimed to investigate whether the difference in baseline
platelet function as measured by the VerifyNow and Multiplate could (partly) explain the moderate
correlation between the tests, by plotting ADP assay results against baseline function asmeasured by
the corresponding device, which is expressed as the ‘inhibitor percentage.’ Fifty-one patients who
underwent percutaneous coronary intervention (PCI) received dual antiplatelet therapy and were
considered to have a high risk of ischemic or bleeding complications were included. The addition of
20 µl PGE1 in theMultiplate resulted in a significant reduction in Arbitrary Aggregation Units, but did
not improve correlation with the VerifyNow. The correlation between VerifyNow and Multiplate
inhibitor percentage was moderate. Based on these results, we concluded that neither PGE1 nor
the calculation of the inhibitor percentage greatly influenced the correlation between PFTs.
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Introduction

Platelet function tests (PFT), including the Multiple Electrode
Analyzer (Multiplate) andVerifyNow, are importantmethods tomoni-
tor the effects of antiplatelet drugs in patients. Upon antiplatelet testing
in patients, results can be classified into categories of low, optimal or
high platelet reactivity based on the therapeutic window of these PFTs
[1]. However, concordance and correlation between Multiplate and
VerifyNow are moderate at best in patients using P2Y12 inhibitors
after percutaneous coronary intervention (PCI) [2–4]. Correlation is
defined as the strength of association between the PFTs. Several
explanations for the lack of correlation have been proposed. One of
the proposed explanations is the difference in the use of prostaglandin

E1 (PGE1)[3]. This is added to the VerifyNow assay, while PGE1 is
not added to theMultiplate assay. PGE1 inhibits ADP-mediated plate-
let activation by the P2Y1 receptor, which makes the assay more
sensitive to P2Y12 inhibition [5] and is proposed to explain some of
the differences seen between Multiplate and VerifyNow[3]. We
hypothesized that the addition of PGE1 to the Multiplate ADP assay,
known as theMultiple Electrode Analyzer ADP-high sensitivity assay
(Multiplate ADP-HS), would improve the correlation between the
MultiplateADP andVerifyNowP2Y12 assay.We aimed to investigate
if the presence of PGE1 could provide an important explanation for the
low correlation and concordance between Multiplate and VerifyNow.

Another hypothesis for the lack of correlation between the assays is
the difference in baseline platelet function (or non-ADP-mediated
platelet aggregation) that is measured by the Multiplate and
VerifyNow. By plotting ADP assay results against the baseline platelet
aggregation, this factor can be eliminated. The VerifyNow already
automatically calculates this parameter for the P2Y12 assay using
a thrombin receptor activating peptide (TRAP) assay to determine
baseline platelet function in patients using P2Y12 inhibitors. TRAP
activates platelets through PAR-1 receptors instead of ADP-dependent
pathways, which are considered blocked by the P2Y12 inhibitor.

The ratio of the VerifyNow P2Y12 assay compared to the
TRAP-based platelet function assay is presented as the ‘inhibitor
percentage'. A low inhibitor percentage in patients on clopidogrel
indicates clopidogrel resistance, currently characterized as high
on treatment platelet reactivity (HTPR)[6]. Even though
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disagreement about the HTPR cutoff exists [7], in patients on
DAPT with clopidogrel undergoing PCI a cutoff of 40% is gen-
erally applied [8–10]. Although normally not applied, the inhibi-
tor percentage can be calculated for the Multiplate ADP assay. To
explore whether differences in the non-ADP-mediated platelet
aggregation would have a great influence on the correlation
between the Multiplate and VerifyNow, we investigated if the
correlation between the inhibitor percentages would improve
compared to the correlation between ADP assay results, since
both parameters represent the percentage platelet function inhib-
ited by the P2Y12-inhibitor opposed to the normal AU and PRU
values for, respectively, the Multiplate and VerifyNow.

Methods

Study Population

For the current analysis 51 consecutive patients were included as
a substudy from Vries et al. [3] based on the mentioned in- and
exclusion criteria in this article. In short, between November 2015
and March 2016, 51 high-risk patients were included who under-
went PCI at the Maastricht University Medical Centre+ (MUMC
+). Patients had suffered from an acute coronary syndrome or
underwent an elective PCI, received dual antiplatelet therapy
(DAPT) consisting of aspirin and a P2Y12-inhibitor and were
defined as high-risk patients based on ≥3 of the following risk
factors: old age (≥75 years), female gender, renal dysfunction
(eGFR <60 mL/min), anemia at the time of PCI (hemoglobin
level <13.2 g/dL for men and <11.8 g/dL for women), low body
weight (<60 kg), hypertension, diabetes mellitus, previous stroke,
previous in-stent thrombosis and/or high-risk stenting.

Exclusion criteria were either the use of anticoagulation or
antiplatelet drugs besides dual antiplatelet therapy (DAPT), the
use of non-steroidal anti-inflammatory drugs (NSAIDs) and miss-
ing data from either Multiplate or VerifyNow. The medical ethical
committee of the MUMC+ approved this study.

Laboratory Analysis

For the Multiplate ADP (Roche®), blood was collected in
a hirudin blood tube and the assay was performed within
30–180 min. Initially, 300 µL NaCl solution (0.9%) was added
to the test cell, followed by 300 µL whole blood to create a 1:1
saline dilution. After 3 min of incubation, 20 µl ADP was added,
which resulted in a final ADP concentration of 6.5 µM. The
Multiplate ADP-HS was performed as the ADP assay with the
addition of 20 µl PGE1 in the test cell. The final ADP and PGE1
concentration in the Multiplate ADP-HS were, respectively,
6.3 µM and 9.4 nM. Platelet function is expressed as arbitrary

aggregation units (AU). We defined an AU of 19–46 as the
therapeutic window for the Multiplate ADP assay, with HTPR
defined as >46 and low on-treatment platelet reactivity (LTPR) as
<19, according to Tantry et al. [1]. For the Multiplate ADP-HS
assay HTPR is defined as ≥43 and LTPR as <18, according to
Amann et al. [11].

For the VerifyNow P2Y12 (Accumetrics®) assay blood was
collected in a Greiner Bio-One (VACUETTE ®) 3,2%
sodium citrate partial fill tube (2 mL) and rested for at least
10 min. The ADP concentration in the assay was 20 µM and
the PGE1 concentration 22 nM. Within 4 h of sampling, the
VerifyNow P2Y12 assay was performed and platelet function
was measured in platelet reaction units (PRU). We defined
a PRU of 85–208 as the therapeutic window, with HTPR
defined as >208 and LTPR as <85, according to Tantry
et al. [1].

Inhibitor Percentage

The inhibitor percentage is calculated according to the following
formula: ((Base-PlateletAggregation)/Base) × 100%. The inhibi-
tor percentage formula for each assay is shown in Figure 1 and
represents a normalization of the P2Y12 and ADP assays by
comparison to base platelet function (or non-ADP-mediated pla-
telet aggregation) as measured by TRAP. Inhibitor percentage can
be seen as the percentage of platelet function that is blocked by
a P2Y12-inhibitor.

Statistical Analysis

The statistical analysis for the results was performed in IBM
SPSS Statistics 25.0 for Windows. Distribution of the obtained
data was assessed visually and by the Shapiro–Wilk test.
Normally distributed baseline data are presented as mean with
standard deviation. Not normally distributed data are presented as
median ± interquartile range (IQR). Wilcoxon signed-rank test for
not normally distributed paired data was used for comparison
between medians.

Correlations were assessed with Spearman correlation coeffi-
cients (ρ). Values of 0.00 to 0.30 (or 0.00 to −0.30) were con-
sidered negligible, 0.30 to 0.50 (or −0.30 to −0.50) low positive
(negative), 0.50 to 0.70 (or −0.50 to −0.70) moderate positive
(negative), 0.70 to 0.90 (−0.70 to −0.90) high positive (negative)
and 0.90 to 1.00 (or −0.90 to −1.00) very high positive (negative)
correlation[12]. Cohen’s kappa was used to determine concor-
dance between PFTs beyond that expected by chance. A p-value
of <0.05 represents statistical significance.

Figure 1. Formulas to calculate the inhibitor percentage for the VerifyNow (VN) P2Y12, Multiple Electrode Analyzer (MEA) ADP and MEA ADP-
high sensitivity (ADP-HS) assay. TRAP = thrombin receptor activating peptide.
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Results

Study Population

The study population consisted of 51 patients undergoing PCI;
their baseline characteristics are shown in Table 1. Most common
risk factors were hypertension, old age (>75 years), renal dys-
function and female sex. Antiplatelet therapy consisting of aspirin
with clopidogrel was most frequently used (64.7%), followed by
aspirin with prasugrel (29.4%) and only 3 patients were treated
with a combination of aspirin and ticagrelor (5.9%).

Multiple Electrode Analyzer ADP versus ADP-HS Assay

Addition of PGE1 significantly decreases the AU of the
Multiplate ADP assay, as shown in Figure 2. The Multiplate
ADP has a median AU of 46.00 (IQR: 33.00–58.00) and the
Multiplate ADP-HS has a median AU of 27.00 (IQR:

21.00–45.00), p < .001. The VerifyNow P2Y12 assay presented
with a median PRU of 127.00 (IQR: 40.00–199.00).

Multiple Electrode Analyzer versus VerifyNow

The Spearman ρ for correlation between the Multiplate ADP and
VerifyNow P2Y12 assay is 0.66 (p < .001). The Spearman ρ for
correlation between the Multiplate ADP-HS and VerifyNow
P2Y12 assay is 0.55 (p < .001). Both values can be described
as moderate positive correlations, as can be seen in Figure 3A,B.

Table 1. Baseline characteristics.

N = 51 n (%), mean [SD] or median |IQR|

Patient characteristics
Age, years
Time after PCI (days)
BMI
Smoker
Age > 75 years
Women
Renal dysfunction
Anemia
Weight < 60 kg
Hypertension
Diabetes Mellitus
Previous stroke
Previous stenting
Previous in-stent thrombosis

76 |IQR 65-79|
41 |IQR 34-53|
27.4 [SD = 4.0]

8 (16.7%)
28 (54.9%)
25 (49.0%)
26 (51.0%)
14 (27.5%)
3 (5.9%)
44 (86.3%)
16 (31.4%)
14 (27.5%)
19 (37.3%)
6 (11.8%)

Medication
Clopidogrel
Prasugrel
Ticagrelor

33 (64.7%)
15 (29.4%)
3 (5.9%)

Laboratory
Hemoglobin (g/dL)
Hematocrit (L/L)
Platelets (109/L)
Leukocytes (109/L)

8.4 [SD = 1.0]
0.41 [SD = 0.05]
253 |IQR 222-292|
7.6 |IQR 6.4–8.9|

Figure 2. Comparison of the Multiple Electrode Analyzer (Multiplate)
ADP assay and the Multiplate ADP-high sensitivity assay (ADP-HS),
with the addition of Prostaglandin E1 (PGE1), in patients taking aspirin
and a P2Y12-inhibitor. Plotted are the median, interquartile range (IQR)
and whiskers showing minimum to maximum values. **p < .001.

Figure 3. (A) Correlation and concordance between Multiple Electrode
Analyzer (Multiplate) ADP assay and VerifyNow P2Y12 assay in patients
taking aspirin and a P2Y12 inhibitor. The cutoff values for low on-treatment
platelet reactivity (LTPR) and high on-treatment platelet reactivity (HTPR)
are displayed. (B) Correlation between Multiplate ADP-high sensitivity
assay (ADP-HS) and VerifyNow P2Y12 assay. (C) Correlation between
Multiplate ADP and ADP-HS assay. AU: arbitrary aggregation units. PRU:
platelet reactivity units. **p < .001.
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The concordance between Multiplate ADP and VerifyNow
P2Y12 can be described as slight, κ = 0.15 (95% CI 0.01–0.15,
p = .078). In general, the Multiplate ADP assay classified patients
into higher platelet reactivity categories (Figure 3A). The
Multiplate ADP assay classified 27 (53%) patients in different
categories compared to the VerifyNow P2Y12. The two
Multiplate assays showed a moderate positive correlation with
Spearman ρ = 0.76 (p < .001), as presented in Figure 3C.

VerifyNow Inhibitor Percentage versus Multiple Electrode
Analyzer Inhibitor Percentage

The following statistical analyses were performed on a study
population of 48 patients, since we were unable to retrieve the
VerifyNow inhibitor percentage for 1 patient. Furthermore, two
patients were excluded due to a negative Multiplate inhibitor
percentage. Both patients presented with a Multiplate TRAP
value below the ADP assay, resulting in a negative percentage
as shown in Figure 1, as well as the reference range (94–156 AU)
for the Multiplate TRAP assay. Additionally, both had a positive
VerifyNow inhibitor percentage and light transmission aggrego-
metry (LTA) ADP values were within the therapeutic range for
patients on DAPT [13,14], thus resulting in exclusion for this
analysis.

The inhibitor percentage represents the amount of baseline
platelet function that is blocked by a P2Y12 inhibitor. A median
inhibitor percentage of 44.0% (IQR: 20.0–76.3) was found for the
VerifyNow (Figure 4). The Multiplate presented with signifi-
cantly (p = .020) higher median inhibitor percentages of 58.5%
(IQR: 50.0–66.0) and 71.0% (IQR: 63.0–79.0) for the ADP and
ADP-HS assays, respectively. These results indicate that the
Multiplate might be more susceptible to P2Y12 receptor inhibi-
tion. Applying a cutoff of 40% for VerifyNow inhibitor percen-
tage on the clopidogrel subgroup identifies 66,7% of patients as
HTPR.

The ADP-HS inhibitor percentage significantly increased
(p < .001) compared to the ADP assay. A smaller IQR between

the VerifyNow compared to the Multiplate assays was noticed,
whereas the VerifyNow inhibitor showed a difference between the
75th and 25th percentile of 56.3% and the Multiplate ADP and
ADP-HS 16.0%. Therefore, little variation in P2Y12 inhibition
between patients was seen for the Multiplate.

The Spearman ρ between the VerifyNow P2Y12-inhibitor
percentage and the Multiplate ADP inhibitor percentage is 0.70
(p < .001), which can be described as a moderate positive corre-
lation. The Spearman ρ between the VerifyNow P2Y12-inhibitor
percentage and the Multiplate ADP-HS inhibitor percentage is
0.37 (p < .001) and is classified as a low positive correlation.
Both correlations are plotted in, respectively, Figure 5A,B.

Discussion

This paper aimed to investigate whether the discrepancy between
the Multiplate ADP and VerifyNow P2Y12 assay in patients on
DAPT could partly be explained by (1) difference in the use of
PGE1 between the assays and (2) differences in non-ADP-
mediated platelet aggregation.

We found that the addition of PGE1 reduced platelet reactivity
as measured with Multiplate ADP, but it did not improve correla-
tion when compared to the VerifyNow P2Y12 assay. Indicating
that the difference in the use of PGE1 does not have a major
influence on the correlation between Mulitplate and VerifyNow.

PGE1 is present in the VerifyNow P2Y12 assay, where it prevents
ADP-dependent platelet activation via the P2Y1 receptor. In the

Figure 4. VerifyNow P2Y12-inhibitor percentage and comparison of the
Multiple Electrode Analyzer (Multiplate) ADP inhibitor percentage and
the Multiplate ADP-high sensitivity (HS) assay in patients taking aspirin
and a P2Y12-inhibitor. Plotted are the median, interquartile range and
whiskers showing the minimum to maximum values. **p < .001.

Figure 5. (A) Correlation between VerifyNow P2Y12-inhibitor percen-
tage and Multiple Electrode Analyzer (Multiplate) ADP inhibitor percen-
tage. (B) Correlation between VerifyNow P2Y12-inhibitor percentage
and Multiplate ADP-high sensitivity (HS) inhibitor percentage.
**p < .001.
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Multiplate ADP assay PGE1 is normally not present, which gives
ADP the opportunity to activate platelet aggregation through both the
P2Y12 and P2Y1 receptors. When treated with a P2Y12 inhibitor,
ADP activation through the P2Y1 pathway can still occur in the
absence of PGE1. It was expected that improving equality between
the VerifyNow and Multiplate assays would also improve the corre-
lation. This, however, did not occur and we can only speculate about
the reasons; it is probable that other differences between the
VerifyNow and Multiplate overrule the effect of adding PGE1.

One of the differences concerns the used reagent concentra-
tions between the VerifyNow P2Y12 and Multiplate ADP-HS
that differ. These differences can be explained by the use of the
standard manufacturer concentrations from Roche® and
Accumetrics®. The ADP concentration in the VerifyNow is
20 µM compared to the 6.3 µM that is present in the
Multiplate. The PGE1 concentration in VerifyNow is 22 nM
versus 9.4 nM in Multiplate ADP-HS. Therefore, it is probable
that the VerifyNow assay is more susceptible to ADP-dependent
activation as well as exhibiting more P2Y1 inhibition of plate-
lets compared to the Multiplate ADP-HS. It is shown that PGE1
has a dose-dependent inhibitory effect on platelet reactivity in
thromboelastography[15]. In the in vitro study of Khanna et al.
[15], concentrations of 11 nM and 22 nM PGE1 were compared
and showed significant differences in ADP-mediated platelet
aggregation when no active metabolite of prasugrel was present.
However, when a prasugrel active metabolite was added, these
differences decreased and were no longer significant[15]. Since
the used PGE1 concentrations are comparable to the ones used
in this article, we hypothesize that the different PGE1 concen-
trations (9.4 nM for the Multiplate and 22 nM for the
VerifyNow) did not interfere with the correlation between the
assays. Thus, standardizing PGE1 concentrations is unlikely to
improve correlation in patients using P2Y12 inhibitors.

Additionally, blood sampling differs between PFTs, where
a sodium citrate tube was used for the VerifyNow and a hirudin
tube for the Multiplate. Hirudin is a thrombin inhibitor and will
not affect the calcium concentration in the blood. Citrate, how-
ever, will capture most extracellular-free calcium. The ADP-
dependent platelet response in citrated blood is considered to
be lower compared to hirudin blood due to a decreased Ca2+

availability required for GP IIb/IIIa, and thus, platelet activation
[16]. The hirudin tube gives higher Multiplate ADP values in the
blood of healthy volunteers [17], P2Y12 inhibitor spiked healthy
volunteers [18] and patients on P2Y12 inhibitors prior to coron-
ary intervention [19,20]. However, the differences in AU
described by Zhang et al. [19] at the time of PCI were not present
post-PCI (24–36 h after the first P2Y12 inhibitor loading dose).
Therefore, switching to citrate tubes for the Multiplate, although
improving equality between tests, does not necessarily improve
the correlation. For the VerifyNow assay, citrate generally pro-
duces higher values compared to hirudin[21]. This is contradic-
tory to the proposed explanation given by Wallen et al. [16] who
postulated that decreased Ca2+ by citrate should result in
decreased platelet aggregation. To summarize, the exact effect
of different anticoagulants ex vivo used for blood sampling in
patients using P2Y12 inhibitors is unclear. Currently, standard
VerifyNow and Multiplate cutoffs for patients on DAPT are only
reported, respectively, for citrate and hirudin blood [1,22] and,
therefore, these corresponding blood tubes were used in our
research.

Another factor that might have influenced the correlation
between VerifyNow and Multiplate is time-dependent changes
in reported platelet reactivity as measured by Multiplate
[20,23,24]. However, all samples were analyzed within the time
frame as recommended by the firm. Nonetheless, time-dependent
disturbances have to be taken into account as a possible factor

interfering with the correlation between PFTs and a smaller time
frame is recommended in the future research.

We found a slight (κ = 0.15) concordance between Multiplate
ADP compared to VerifyNow P2Y12. For the Multiplate ADP-
HS assay, no consensus is currently reached on cutoffs for HTPR
and LTPR. The HTPR and LTPR values as presented in Figure
3B were based on calculations by Amann et al. [11]. Although
providing some insights into the concordance of the test, no
conclusions can be drawn from one paper and, therefore, this
concordance analysis was excluded from our results.

Correcting for the non-ADP-mediated platelet aggregation
values of Multiplate and VerifyNow values, presented as inhibitor
percentage, did not improve the correlation between both PFTs
(Figure 5). This indicates that the difference in measured baseline
platelet function is not a major factor contributing to the discre-
pancy between the assays. Multiplate inhibitor percentages were
higher compared to VerifyNow, suggesting a possible higher
susceptibility for P2Y12 inhibition. This, however, could also be
caused by the difference in ADP concentration between the
Multiplate ADP and VerifyNow P2Y12 assay.

Noticeable are the mentioned excluded patients presenting nega-
tive values for both the Multiplate ADP and ADP-HS inhibitor
percentages. Both patients presented with a Multiplate TRAP value
below the reference range (94–156 AU). A low TRAP value could
theoretically indicate a hemostatic abnormality or presence of
a GpIIb/IIIa antagonist. However, the VerifyNow TRAP and LTA
ADP values for both patients were within the reference range and the
presence of a GpIIb/IIIa antagonist was ruled out, suggesting a test
error in the Multiplate TRAP channel was more likely. Exclusion of
these two patients had little effect on the reported correlations and
does not affect the conclusions drawn from this analysis.

Addition of PGE1 significantly increased the median inhibitor
percentage, which can be explained by the lower Multiplate ADP-
HS values (Figure 2) that are plotted against the same Multiplate
TRAP value as the Multiplate ADP results (Figure 1). Presenting
VerifyNow and Multiplate results as a ratio of base platelet function,
the inhibitor percentage, did not improve the correlation between
PFTs. Besides, the IQR of the Multiplate inhibitor percentages is
relatively small compared to the VerifyNow, as seen in Figure 4.
This implies that little variation in P2Y12 inhibition is seen between
patients in this assay. Therefore, we consider the Multiplate inhibitor
percentage to be of little additional use in monitoring platelet function
in patients on DAPT, although larger follow-up studies are required to
confirm this hypothesis.

Conclusion

The addition of PGE1 to the Multiplate ADP assay, and the correc-
tion for the difference in baseline platelet reactivity as measured by
the Multiplate and VerifyNow, did not improve the correlation
between the Multiplate ADP and VerifyNow P2Y12 assay in
patients on DAPT. It is therefore unlikely that these factors explain
a substantial part of the discrepancy between the tests.
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